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FOREWORD 


lfoe  U.S.  Army  Research  Institute  (ARI)  provides  research,  development,  and 
applications  support  to  ensure  that  soldier-related  issues  are  integrated  into 
the  acquisition  process  for  weapon  systems.  The  Future  Battlefield  Conditions 
Team  at  the  ARI  Field  Unit  at  Fort  Knox  conducts  applied  research  in  the  early 
phases  of  system  development  to  address  pertinent  soldier  issues  such  as  train¬ 
ing  and  soldier-machine  interface. 


This  report  was  prepared  by  the  ARI  Fort  Knox  Field  Unit  under  Science  and 
Technology  Task  3*5*1.  "Training  Requirements  of  NBC  and  the  Future  Integrated 
Battlefield,”  upon  request  of  the  TRADOC  System  Manager  (TSM)  for  the  M1A1 
Block  II.  This  proactive  examination  of  required  training  for  nev  equipment  is 
supported  by  the  Memorandum  of  Understanding  (MOU)  between  ARI  and  the  U.S. 

Army  Armor  Center  and  School  (USAARMC)  on  Land  Battle  Test  Bed  research,  signed 
9  January  1966.  llie  results  of  this  effort  were  briefed  to  COL  Burgess  (TSM- 
TAMK)  on  23  February  I98T  and  the  report  was  provided  to  the  T8M  office  in  re¬ 
sponse  to  questions  addressed  in  Tab  D  of  the  System  MANPRIMT  Management  Plan 
( SMMP)  for  the  M1A1  Block  II.  This  information  has  been  used  in  subsequent 
rewrites  of  the  system  requirement  documentation. 


EDGAR  M.  JOHNSON 
Technical  Director 
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PRELIMINARY  TRAINING  REQUIREMENTS  ANALYSES  FOR  THE 
PROPOSED  COMMANDER'S  INDEPENDENT  THERMAL  VIEWER  (CITV) 


OVERVIEW 

Although  the  M1A1  tank  Is  currently  an  effective  force  on  the  battle¬ 
field,  several  technological  advancements  are  under  consideration  as  enhance¬ 
ments  or  product  improvements  to  the  original  design.  These  enhancements  are 
formally  referred  to  as  the  M1A1  Block  II  and  consist  of  a  Commander's  Inde¬ 
pendent  Thermal  Viewer  (CITV),  an  improved  Commander's  Weapon  Station  (CWS), 
a  OO2  Laser  Rangefinder  (CO2  LRF),  a  Battlefield  Management  System  (BMS)  to 
include  position  location  and  heading  (POS  NAV),  a  Driver's  Independent  Ther¬ 
mal  Viewer  (DITV),  and  a  Survivability  Enhancement  package.  These  components 
are  shown  in  relation  to  an  external  view  of  the  M1A1  tank  in  Figure  1.  An 
internal  view  of  a  subset  of  these  components  is  shown  in  Figure  2. 

The  potential  capability  of  the  M1A1  is  greatly  enhanced  with  the  addi¬ 
tion  of  the  Block  II  components,  but  the  achieved  capability  will  depend  in 
large  measure  on  the  performance  of  the  soldiers  who  operate,  maintain,  and 
support  it.  In  the  past,  little  attention  was  given  to  these  soldiers  during 
materiel  development  phases.  Often,  operator  and  maintainer  performance 
problems  were  not  identified  until  the  new  equipment  was  fielded.  As  a  re¬ 
sult,  there  are  numerous  examples  of  systems  used  at  only  50-75%  of  their 
potential  and  in  even  more  extreme  cases  systems  that  were  never  operational¬ 
ized.  The  reasons  for  such  problems  include  poor  soldier-machine  interface 
(SMI),  improper  anthropometric  design,  little  consideration  of  training  re¬ 
quirements,  and  little  or  no  consideration  for  the  cognitive  capability  of 
the  operator  and  maintainer.  The  problem  is  an  expensive  one,  both  in  terms 
of  wasted  dollars  and  lost  combat  effectiveness. 


MANPRINT 

The  Army's  initiative  to  obviate  or  at  least  reduce  future  discrepancies 
between  perceived  and  achieved  weapon  system  capability  is  called  MANPRINT. 
MANPRINT  is  formally  defined  as  Manpower  and  Personnel  Integration  (Elton, 
1986).  One  of  its  major  goals  is  to  consider  the  soldier  in  the  design  loop 
early  in  the  life  cycle  of  the  new  system.  Theoretically,  this  would  allow 
the  design  to  be  affected  by  soldier-based  concerns  and  would  move  equipment 
design  in  the  direction  of  total  system  performance  enhancement.  The 
MANPRINT  program  attempts  to  integrate  information  from  six  major  domains: 
Manpower,  Personnel,  Training,  Human  Factors  Engineering,  System  Safety,  and 
Health  Hazard  Assessment.  MANPRINT  efforts  should  produce  systems  designed 
for  the  soldier  in  lieu  of  past  approaches  which  forced  the  redesign  of  sol¬ 
diers  (e.g.,  through  training  or  selection)  or  the  existing  equipment 
(retrofit)  for  the  new  system.  The  MANPRINT  approach  emphasizes  the  use  of 
front-end  analysis  (FEA),  modeling  and  prediction  tools.  Logically,  more 
quality  time  and  effort  spent  up  front  should  alleviate  the  need  for  resource 
intensive  retrofits  after  fielding. 


Commander's  Weapon  Station  (CWS) 


Figure  1.  External  view  of  the  M1A1  depicting  the  M1A1  Block  TI  enh  nncements . 


Product  Improvement  Program. 
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Achieving  full  soldier-in-the-loop  system  capability  necessitates  a 
closely  knit  integration  of  all  MANPRINT  areas  and  a  clear  audit  trail  to 
maintain  information  continuity  during  the  life  cycle  change.  A  major  tool 
for  this  integration  and  audit  trail  is  the  System  MANPRINT  Management  Plan 
(SMMP),  that  is  generated  at  the  early  stages  of  the  life  cycle  to  address 
major  issues,  goals,  milestones,  and  associated  questions.  It  is  a  1  lying 
document,  changing  periodically  to  record  the  events  of  the  system  throughout 
its  life.  The  Army  Research  Institute  (ARI)  is  currently  involved  in  the  de¬ 
velopment  and  resolution  of  SMMP  issues  for  several  new  systems. 

From  a  time-line  perspective,  the  M1A1  Block  II  product  improvement  pro¬ 
gram  preceded  the  formal  introduction  of  the  Army's  MANPRINT  initiative.  As 
a  result,  complete  FEAs  suggested  by  MANPRINT  were  not  accomplished  and  the 
ability  to  affect  total  system  design  can  not  be  fully  realized.  However, 
because  Block  II  was  comprised  of  several  components  which  were  still  in  the 
design  stage,  it  was  subjected  to  a  MANPRINT  effort  and  a  SMMP  was  composed 
to  organize  and  manage  the  remainder  of  major  events.  As  an  outgrowth  of 
ARI's  work  with  the  Block  II  SMMP  construction,  the  Training  and  Doctrine 
Command  (TRADOC)  System  Manager  for  M1A1  (TSM)  requested  ARI  provide  a  pre¬ 
liminary  training  requirements  analysis  for  one  of  the  major  components  of 
the  Block  II,  the  CITV. 

CITV  CHARACTERISTICS 

The  CITV  is  proposed  as  a  real  time  thermal  viewer  to  be  utilized  by  the 
TC  in  a  closed  or  open  hatch  mode  for  target  acquisition  and  surveillance. 
Components  of  the  proposed  system  are  shown  in  Figures  3  and  4.  These  in¬ 
clude  the  CITV  display  and  the  TC  handle,  respectively.  The  CITV  will  func¬ 
tion  as  an  integral  component  of  the  MIA1  fire  control  system  and  provide  a 
backup  capability  for  firing  the  main  gun.  The  CITV  is  a  passive  infrared 
(IR)  imaging  system  designed  to  operate  within  the  8-14  micron  range  of  the 
electromagnetic  spectrum.  It  will  allow  a  TC  to  effectively  survey  the  bat¬ 
tlefield  and  acquire  targets  otherwise  lost  due  to  one  or  more  of  the  follow¬ 
ing:  nuclear,  biological  or  chemical  (NBC)  agents  in  the  area,  adverse 
environmental  conditions,  lighting  conditions  (night),  dust,  smoke,  or  other 
man-made  obscuration  material. 

The  CITV  Is  a  stand  alone  imaging  system  in  that  it  is  in  no  way  Inte¬ 
grated  with  the  Gunner's  Thermal  Imaging  System  (TIS).  It  provides  the  Indi¬ 
vidual  TC  with  a  greatly  expanded  view  of  the  battlefield  which  should  enable 
him  to  move  and  shoot  more  efficiently  and  effectively.  The  CITV,  however, 
was  designed  as  an  integral  component  of  the  proposed  BMS.  As  such,  its 
worth  is  best  realized  as  an  enhancement  to  unit  performance  rather  than  to 
individual  tank  crew  performance.  With  the  capability  of  seeing  more  and 
disseminating  that  additional  information  faster,  armor  units  should  better 
detect  the  enemy  and  prepare  for  battle. 

The  proposed  CITV  will  have  three  modes  of  operation:  Independent  Sur¬ 
veillance,  Acquisition  (turret  and  gun  slaved  to  CITV),  and  Monitor  (CITV 
slaved  to  turret  and  gun).  These  are  to  be  controlled  with  switches  on  the 
CITV  display  panel  and  the  commander's  control  handle.  Each  is  briefly  ex¬ 
plained  below. 
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Proposed  CITV  display  and  associated  panel  controls. 


COmAHDCR'S  CONTROL  HANDLE 
KAJOR  COHPONENTS-DESCRIPTIOH  /  FUNCTION 


i  Concept  of  CITV  control  handle  currently  under  consideration  (General 
Lcs  Land  System  Human  Factors  Engineering) . 
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Independent  Surveillance.  In  this  mode,  the  CITV  will  provide,  at  a 
minimum  of  270u,  an  independent  surveillance  capability  to  the  TC.  Coverage 
will  be  controlled  either  by  the  commander's  control  handle  when  it  is  func¬ 
tioning  in  CITV  status  (manual  mode)  or  by  the  pre-set  sector  scan  which  is 
located  on  the  display  panel  (auto  mode).  The  auto  sector  scan  can  be  set  at 
less  than  270°  and  adjusted  for  angle,  position,  and  rate. 

Acquisition:  Turret  and  Gun  Slaved  to  CITV.  This  mode  is  referred  to  as 
the  ‘'Hunter-Killer"  capability.  At  the  discretion  of  the  TC,  the  turret  and 

main  gun  are  slaved  to  the  CITV  and  respond  to  the  TC's  control.  The  CITV 

remains  on  target  and  the  main  gun  is  aligned  parallel  to  the  CITV  line  of 
sight  to  within  +  0.15  mil. 

Monitor:  CITV  Slaved  to  Turret  and  Gun.  This  mode  is  the  operational 

inversion  of  the  override  mode.  At  the  discretion  of  the  TC,  the  CITV  is 

slaved  to  the  turret  and  gun  while  the  TC  assumes  the  role  of  a  monitor.  The 
CITV  line  of  sight  and  the  main  gun  are  aligned  in  parallel  to  within  +  0.15 
mil.  ~ 


In  summary,  the  CITV 
These  include  an  expanded 
pendent  (if  desired)  from 
more  efficient  detection, 
lethal  target,  and  target 
BMS,  information  such  as 
and  disseminated  to  other 
ter  prepared  to  meet  and 


provides  the  TC  with  several  new  capabilities, 
view  of  the  battlefield  and  a  view  completely  inde- 
the  gunner's.  These  capabilities  should  enable 
identification,  realistic  determination  of  the  most 
destruction.  Additionally,  when  integrated  with 
target  location  and  identification  can  be  gathered 
crews  or  units  enabling  the  total  force  to  be  bet- 
fight  the  enemy. 


TRAINING  REQUIREMENTS 


Training  requirements  are  statements  of  training  obligations  the  system 
must  fulfill  in  order  to  effect  its  mission  (DeGreene,  1970).  Simply  stated, 
training  requirements  analyses,  based  on  solid  task  and  training  analyses, 
provide  the  system  manager  and  the  training  manager  with  indications  of  pos¬ 
sible  training  concerns  and  issues  associated  with  the  proposed  system.  These 
documents  should  detail:  a)  who  will  be  trained  and  to  what  level,  b)  what 
duties  and  tasks  will  require  training,  c)  where  the  proposed  training  will 
occur,  d)  at  what  stage  in  the  soldier's  career  progression  the  training  will 
take  place,  and  e)  what  materials  and  devices  the  training  will  require. 

Training  requirement  documents  should  become  embedded  in  the  progressive 
design  of  the  new  system.  They  are  based  upon  Information  provided  in  task 
and  training  analyses.  As  such,  their  worth  is  completely  dependent  upon  the 
quality  of  those  analyses  and  the  providers'  perceptions  of  what  the  training 
analyst  needs.  Within  the  Army's  Materiel  Acquisition  Process  (MAP),  the 
initial  task  analysis  should  be  provided  by  the  contractor  of  the  component/- 
system,  while  the  training  analysis  should  be  conducted  by  the  Directorate  of 
Training  and  Doctrine  (DOTD).  These  data  may  be  supplemented  by  subject 
matter  experts  (SME)  opinions  and/or  subjective  ratings  of  the  user  (soldier) 
on  mock-up  displays  or  demonstrators. 
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The  accuracy,  but  not  the  value,  of  the  task  analysis  is  dependent  upon 

the  maturation  of  the  system.  In  the  early  phases  of  the  life  cycle,  exact 

system  specification  are  not  completely  established.  The  analysis  must 
therefore  be  based  on  the  system  design  concept  rather  than  the  actual  equip¬ 
ment.  Analysis  at  this  level  is  considered  proactive,  but  it  also  requires 
the  consideration  of  an  important  tradeoff.  On  the  negative  side,  the  ana¬ 
lyst  is  forced  to  work  from  a  blueprint,  an  assumed  design,  or  subject  matter 

expert's  (SME's)  best  guess.  On  the  positive  side,  it  may  provide  prelimi¬ 
nary  specifications  of  the  duties  required  in  the  operational  system,  early 
detection  of  an  undesireable  human  factors  design,  and  potential  training 
problems.  In  these  cases,  the  proposed  design  can  be  changed  to  bring  it 
more  in  line  with  operator  and  systems  performance  expectations.  Lastly,  the 
predictions  made  in  these  analyses  can  be  utilized  in  the  determination  of 
appropriate  training  programs,  simulation  for  training  and/or  job  aid  devel¬ 
opment.  Development  of  training  resources  might  then  occur  concurrently  with 
the  proposed  design  allowing  the  fielding  of  an  operational  system  with  the 
appropriate  mature  training  strategy  and  devices. 

Given  the  available  data,  the  analyst  systematically  steps  through  the 
operator  tasks  searching  for  specific  patterns  and/or  reoccurring  themes. 
These  may  include:  increases  in  cognitive  requirements,  changes  in  psycho¬ 
motor  responses,  potential  information  overload  requiring  inefficient  atten¬ 
tion  splits  or  time  sharing,  and  duties  which  may  ultimately  place  the 
soldier's  health  in  jeopardy.  When  these  patterns,  trends  and  problems  are 
identified  they  can  provide  the  system  manager  and/or  the  training  manager 
with  insights  into  potential  problematic  training  areas  associated  with  the 
proposed  system.  These  may  include  essential  information  pertaining  to  the 
need  of  additional  resources,  such  as  trainers,  training  time,  training  areas 
and  the  need  for  devices  and  simulators.  Additionally  they  should  highlight 
personnel-related  issues  to  include  necessary  changes  in  mental  and  physical 
requirements. 

In  summary,  training  requirements  are  the  bases  for  establishing  portions 
of  the  system  performance  criteria.  Assuming  the  proper  information  has  been 
gathered,  preliminary  analyses  of  a  system  in  the  concept  phase  can  be  of 
great  value.  In  the  present  analysis,  for  example,  to  determine  how  the 
soldier  interacts  with  the  CITV,  what  changes  in  the  current  training  pro¬ 
grams  are  required  to  facilitate  CITV  use,  and  what  additional  problems  may 
occur  as  the  result  of  CITV  use,  should  provide  the  system  manager  with  the 
insight  necessary  to  affect  the  subsequent  design  of  the  system.  Further, 
training  managers  should  be  aided  through  a  better  understanding  of  the 
training  resources  required  for  the  CITV. 


SOLDI ER-IN-THE- LOOP  WITH  CITV 

In  order  to  focus  on  the  duties,  tasks,  and  subtasks  involved  in  the 
system’s  use,  it  is  important  to  view  the  soldier  as  he  interacts  with  the 
system.  Therefore,  an  example  of  a  conduct  of  fire  procedure  using  the  CITV 
is  outlined  below.  The  proposed  sequence  of  crew  behaviors  includes:  target 
acquisition,  ranging,  firing,  sensing  and  reengagement. 


Target  Acquisition/Handof f .  With  the  exception  of  the  TC,  crew  behaviors 
in  the  CITV  enhanced  M1A1  are  similar  to  those  in  the  M1A1  version.  In  both 
versions,  crewmen  search  assigned  sectors  and  report  target  sightings  to  the 
TC.  Unlike  the  M1A1,  the  CITV  enhanced  version  provides  the  TC  with  the 
capability  to  independently  search  with  3  or  10  power  sight  magnification. 
This  search  may  be  over  a  wide  arc  (as  much  as  270°)  or  narrowed  to  a  spe¬ 
cific  sector  or  a  portion  of  a  sector.  Target  Identification  remains  a  pri¬ 
mary  responsibility  of  the  TC.  Gunners  in  both  systems  search  to  the  tank's 
front  using  either  the  Gunners  Primary  Sight  (GPS)  daylight  or  thermal  chan¬ 
nels  in  a  three  power  setting.  Loaders  in  both  systems  search  an  assigned 
sector  using  the  360°  swivel  mounted  angle  unity  periscope,  while  the  drivers 
search  forward,  between  the  front  fenders,  looking  through  vision  blocks. 

When  a  target  is  detected  by  the  TC  or  reported  to  him  by  other  crew 
members,  he  issues  a  fire  command  and  lays  the  main  gun  for  direction  with 
the  commander's  control  handle.  When  the  gunner  sees  the  target  he  announces 
“IDENTIFIED."  The  TC  at  this  point  hands-off  the  target  to  the  gunner  and 
releasing  his  override.  The  gunner  responds  by  engaging  the  palm  switches  on 
the  control  handles,  switching  the  GPS  to  10  power  whether  he  is  using  day¬ 
light  or  thermal  channels,  and  beginning  the  ranging  procedure.  With  the 
CITV  version  the  TC  has  alternatives  to  this  procedure.  First  he  can  use  the 
CITV  for  a  direction  lay,  thus  leaving  the  main  gun  and  the  gunner's  eyes  in 
another  sector.  Second,  he  has  the  option  of  handing-off  the  target  to  the 
gunner  or  engaging  the  target  himself.  If  he  decides  to  engage,  or  he  simply 
announces  "FROM  MY  POSITION"  and  begins  the  ranging  procedure. 


Ranging.  When  the  control  of  the  turret/main  gun  is  passed  to  the  gunner 
he  lays  the  GPS  reticle  on  target  center-of-mass  and  lases  to  input  the  range 
into  the  fire  control  system.  The  laser  rangefinder  controls  and  displays 
are  similar  in  both  versions.  Range  information  can  be  provided  on  the  face 
of  the  CITV  display  (Figure  3),  but  that  capability  is  slaved  to  the  existing 
systems.  Similarly,  the  commander's  control  handle  modified  for  CITV  use 
(see  Figure  4)  allows  the  TC  to  lase  to  the  target,  but  range  determination 
is  dependent  upon  the  already  existing  rangefinder  system. 

When  a  range  determination  has  been  made,  both  the  gunner  and  the  TC 
evaluate  the  displayed  range.  If  the  range  does  not  appear  correct,  the  TC 
orders  "RELASE”  and  the  procedure  (gunner  lases  to  target  center-of-mass  or 
TC  lases  to  center-of-mass  using  CITV)  is  repeated.  If  the  TC  determines  the 
range  Is  still  wrong,  he  can  press  the  battle  range  button  on  his  control 
panel.  This  automatically  feeds  a  preset  ammunition  dependent  range  figure 
into  the  fire  control  system.  The  TC  has  the  additional  capability  for  cor¬ 
rection  using  the  MANUAL  RANGE  ADD/DROP  switch.  This  allows  him  to  add  to  or 
subtract  from  the  battle  range  figure  to  the  estimated  target  range.  The 
system  is  now  ready  for  fire. 

Fire,  Sense,  and  Reengagement.  In  a  normal  hand-off  situation,  when  the 
TC  is  satisfied  with  the  range  data  Input,  he  announces  "FIRE."  The  gunner 
re-aims  onto  the  center-of-mass  and  announces  "ON  THE  WAY,"  and  activates 
either  or  both  firing  triggers.  The  TC  and  gunner  attempt  to  observe  (sense) 
the  effect  of  the  round.  If  the  round  misses,  reengagement  procedures  begin. 
These  procedures  are  dependent  upon  the  type  of  round.  For  kinetic  energy 


rounds  (SABOT)  the  gunner  reports  the  results  of  the  engagement,  such  as 
“OVER"  "SHORT",  etc.  based  on  round  location  in  relation  to  the  target.  He 
then  states  '"REENGAGING."  He  relays,  relases,  and  announces  the  new  range. 
After  allowing  time  for  the  TC  to  evaluate  the  range  and  on  TC  command,  he 
announces  "ON  THE  UAY"  and  fires.  High  explosive  anti-tank  (HEAT)  rounds 
require  a  different  procedure.  Because  the  speed  of  the  ammo  is  slower, 
there  is  a  higher  probability  of  TC  or  gunner  accuracy  in  sensing  round 
strike  relative  to  the  target.  After  the  gunner  makes  the  observation  he 
announces  his  correction,  e.g.,  "RIGHT  ONE-DROP  ONE."  The  "ONE"  indicates  a 
one  mil  adjustment  in  both  range  and  azimuth.  If  the  TC  disagrees  with  the 
adjustment  he  can  countermand  with  a  subsequent  fire  command.  The  engagement 
ends  when  the  TC  commands  "TARGET  CEASE  FIRE"  (indicating  target  destruction) 
or  until  "CEASE  FIRE"  (for  any  other  reason)  is  given. 

The  CITV  version  allows  the  TC  several  alternatives  to  the  above  proce¬ 
dure.  In  the  normal  target  hand-off  situation,  once  the  command  "FIRE"  has 
been  given,  the  TC  may  choose  to  remain  as  a  monitor  of  the  gunner's  perform¬ 
ance  as  before  or  stop  monitoring  the  gunner  and  resume  search  for  other 
targets.  To  do  this  he  must  disengage  the  CITV  from  the  main  gun  lock.  Addi¬ 
tionally,  and  at  any  point  during  the  procedure,  the  TC  has  the  capability  of 
comparing  target  criticality.  For  example,  if  a  gunner  is  occupied  with  a 
target  and  the  TC  detects  a  new  target  he  suspects  as  more  lethal,  he  can 
quickly  move  the  CITV  to  the  gunner's  target  and  make  a  quick  decision.  If 
the  new  target  is  determined  to  be  a  greater  threat,  the  TC  can  move  the  CITV 
back  to  the  new  target,  activate  the  designate  button  causing  main  gun  align¬ 
ment  with  the  CITV.  At  this  point  the  TC  is  again  faced  with  an  option.  He 
can  engage  the  target  himself  or  he  can  hand-off  the  target  to  the  gunner, 
remain  until  the  "FIRE"  command  is  given,  disengage  the  CITV  from  main  gun 
lock,  and  reactivate  the  CITV  search. 


DESIGN  ASSUMPTIONS/ CAVEATS 


While  the  desired  effect  of  adding  CITV  capability  to  the  M1A1  tank  is 
clear,  namely  increased  speed  in  acquiring  and  engaging  targets,  the  design 
specifications  have  not  been  so  clearly  defined.  Thus,  using  a  system  design 
concept  for  the  purpose  of  training  requirements  analyses  requires  assump¬ 
tions  and  caveats.  Those  used  for  the  present  analyses  are  shown  below. 


1.  At  the  time  of  writing,  agreed  upon  design  specifications  for  the 
CITV  display  panel  and  the  TC  control  handle  did  not  exist.  Therefore,  a 
proposed  candidate  for  each  was  chosen  and  their  functions  and  capabilities 
were  assumed.  Duties  requiring  integrated  operations  of  these  may  not  be 
reflected  in  the  task  list. 


2.  Decisions  pertaining  to  the  replacement  of  the  GPSE  with  CITV  had  not 
been  finalized.  Therefore,  it  was  assumed  either  configuration  was  possible 
(i.e.  CITV  with  a  GPSE  or  CITV  without  a  GPSE)  and  a  separate  analysis  was 
conducted  for  each. 
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3.  For  the  purpose  of  these  analyses,  the  CITV  is  considered  as  a  stand 
alone  component  added  to  the  original  M1A1  system.  Therefore,  integration 
with  other  Block  II  components  (especially  BUS)  is  not  assumed.  This  effort 
may  be  considered  subsequently  in  an  interactive  simulator  or  a  crew  display 
demonstration. 

4.  It  was  assumed  that  manual  control  of  the  CITV  was  to  be  made  on 
either  the  CITV  display  panel  or  with  the  TC  control  handle.  Other  control 
devices  are  not  involved. 

5.  It  was  assumed  that  CITV  does  not  include  an  independent  LRF  capabil¬ 
ity.  The  only  LRF  available  will  be  the  existing  component. 

6.  It  was  assumed  that  tasks  1-216  in  Appendix  D  and  1-147  in  Appendix  E 
pertain  only  to  single  tank  target  engagements. 

As  indicated,  these  assumptions  range  from  system  integration  to  the  type 
of  function  and  control  manipulanda  under  consideration.  The  reader  is  cau¬ 
tioned  that  these  are  preliminary  training  requirements,  but  reminded  that 
within  the  MANPRINT  process  they  are  constructed  to  assist  in  the  determina¬ 
tion  of  the  best  soldier-in-the-loop  performance. 


INSTRUMENT  CONSTRUCTION 

A  training  requirements  analysis  requires  knowledge  of  the  functional  and 
operational  characteristics  of  the  system  under  consideration.  It  also  re¬ 
quires  the  necessary  background  in  training  devices  and  development  to  make 
judgments  concerning  the  relative  difficulty  of  performing  and/or  training 
specific  tasks.  In  response  to  the  TSM's  request  for  such  an  analysis  for 
CITV,  data  on  proposed  CITV  characteristics  were  obtained  from  the  Improved 
M1A1  Tank  Program  document  (General  Dynamics,  1985)  and  judgement  categories 
were  based  on  task  and  training  analyses  conducted  for  the  XM1  by  Black  and 
Kraemer  (1981).  Revisions  were  made  to  Include  new  tasks  specific  to  the 
M1A1  conduct-of-fire,  maintenance,  and  command,  control,  and  communication 
(C3)  requirements.  Duties,  tasks,  and  subtasks  that  constitute  the  TC's  job 
description  were  prepared  for  alternative  CITV  configurations.  One  configu¬ 
ration  where  the  Gunners  Primary  Sight  Extension  (GPSE)  was  retained  and  one 
in  which  the  GPSE  was  removed  were  examined.  The  analyses  were  established 
and  verified  with  the  assistance  of  SMEs  from  the  Weapons  Systems  Department 
of  the  US  Army  Armor  School  (USAARMS). 

The  order  in  which  the  various  tasks  appear  In  the  task  Inventory  was 
based  on  a  chronological  sequence  of  events  that  occurs  in  an  operational 
Armor  unit  preparing  for  and  conducting  combat  missions.  Tasks  functionally 
related  were  grouped  and  listed  in  a  duty  category  classification  and  desig¬ 
nated  with  Roman  numerals).  Tasks  were  defined  as  requiring  the  performance 
of  one  or  more  individual  behaviors  and  are  denoted  by  Arabic  numerals.  These 
in  turn  were  broken  down  to  behaviors  with  definite  beginnings  and  endings 
are  assigned  lower  case  letters  which  were  defined  as  subtasks. 
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Figure  5.  Sample  entry  in  task  inventory. 

The  categories  or  informational  divisions  which  constitute  the  subjective 
M1A1  CITV  comparability  analysis  Include  Commonality r  Task  Performance,  Prob¬ 
lem,  Cause  and  Tentative  Training  Solution  (see  Appendix  C).  The  results  of 
the  training  analyses  are  presented  in  Appendixes  D  and  £.  Appendix  D  pre¬ 
sents  the  analysis  of  CITV  and  GPSE,  and  Appendix  E  presents  the  analysis  of 
training  requirements  where  the  GPSE  has  been  removed.  To  facilitate  the  use 
of  these  analyses,  a  brief  explanation  of  the  informational  divisions  and  the 
analysis’  coding  system  is  provided  in  the  following  paragraphs. 

The  first  division,  COMMONALITY,  contains  a  task  by  task  classification 
which  notes  whether  performance  of  a  task  was  unique  ( "UNIQUE"  or  "U”)  to  the 
CITV  version  of  the  M1A1  task,  different  ("DFRNT"  or  “D")  in  some  aspect  from 
the  M1A1,  or  essentially  the  same  ("SAME**  or  "S")  as  the  M1A1  counterpart. 

The  second  division  is  a  task  by  task  subjective  evaluation  of  the  per¬ 
formance  assessment  of  the  M1A1  (CITV  version)  with  reference  to  the  M1A1 
(see  example  above  and  Appendix  C  for  further  explanation).  For  example,  an 
"X"  or  (X)"  appearing  under  the  heading  labeled  TASK  PERFORM:  MORE  EFFEC 
indicates  that  performance  of  the  task/subtask  appears  to  be  more  effective 
with  the  addition  of  the  CITV.  An  "X"  or  "(X)"  under  the  heading  labeled 
TASK  PERFORM:  SAME  denotes  no  difference  in  the  task  or  effectiveness  of  the 
performance.  An  "X"  or  "(X)"  under  the  label  TASK  PERFORM:  NEW  indicates 
the  task/subtask  is  new  and  performance  assessment  is  not  possible  at  this 
stage. 

The  third  division  evaluates  duties  according  to  their  potential  for 
precipitating  a  training  problem.  These  are  further  analyzed  according  to 
location  (Institution  or  Unit)  where  the  problem  is  most  likely  to  occur  (see 
Appendix  C  for  further  explanation).  For  example,  a  task  that  is  identified 
as  problematic  and  requires  a  change  in  institutional  training  resources  is 
noted  with  an  "X"  or  "(X)~  under  the  heading  PROBLEM:  INSTITUTION.  Simi¬ 
larly,  if  the  problem  requires  a  change  in  Unit  training  resources  an  "X"  or 
"(X)"  is  indicated  under  the  heading  PROBLEM:  UNIT. 

A  fourth  division  identifies  a  possible  cause  for  the  potential  problems. 
These  may  be  the  result  of  a  mental  or  physical  loading  and  are  labeled 
MENTAL  and  MOTOR.  The  cognitive  classification  Includes  problems  associated 


vlth  memory,  procedures,  cognitive  overload  (both  quantitative  and  qualita¬ 
tive).  Motor  probleas  are  physical  (psychoaotor)  in  nature.  Duties  having 
potential  problems  were  identified  by  placing  "Yes'*  under  the  appropriate 
coluan  heading,  CAUSE:  MENTAL  MOTOR.  Probleaatie  tasks  end  subtasks  were 
identified  by  an  "X”  or  (X)**  under  the  appropriate  coluan  heading. 

The  final  division  was  for  the  proposed  training  solutions.  Solutions 
considered  Included  eabedded  training  (ET),  more  hands-on  training  (More  HO), 
job  aids,  and  training  devices  (Trng  Dev).  If  incorporating  a  particular 
type  of  training  appeared  to  be  the  appropriate  solution  for  that  duty  then 
“YES'*  was  placed  under  the  corresponding  coluan.  If  not,  a  "NO"  was  entered. 
Siallarly,  when  a  task/subtask  received  an  affirmative  evaluation,  an  "X"  or 
(X)"  was  entered  under  that  heading.  If  a  task/ subtask  received  a  negative 
evaluation  or  there  was  Insufficient  date  to  propose  a  solution,  the  space 
was  left  blank.  Appendix  C  provides  a  store  detailed  explanation. 


FINDINGS 

The  findings  are  organized  using  the  aajor  table  headings  used  In  the 
analyses.  These  are:  (1)  Effectiveness;  (2)  Problem  location;  (3)  Cause; 
and  (4)  Tentative  Solution.  The  Issues  generated  by  these  analyses  and  gen¬ 
eral  concerns  follow  in  the  closing  text. 

Effectiveness.  If  designed  according  to  the  Army’s  guide  for  the  CITV 
specifications,  there  is  no  doubt  that  the  CITV  will  provide  the  TC  with  a 
unique  fighting  capability.  This  should  allow  for  sore  effective  perforaance 
by  the  TC,  crew,  platoon,  etc.,  especially  in  the  areas  of  target  acquisi¬ 
tion,  simultaneous  engagements,  and  C .  The  effectiveness  aay  be  Halted, 
however,  by  the  type  of  training  (isolated  coaponent  vs  integrated  system), 
the  types  of  training  devices  used,  and  the  availability  of  those  devices  and 
other  training  facilities.  For  exaaple,  if  the  CITV  capability  Is  Integrated 
with  BMS,  then  a  fora  of  eabedded  training  which  allows  inter-vehicular  com¬ 
munication  and  target  acquisition  practice  would  be  required  to  maximize 
training  effectiveness. 

Additional  limitations  include  efforts  toward  Integration.  At  the  coapo¬ 
nent  (CITV)  operational  level  there  Is  the  potential  for  at  least  "un¬ 
friendly"  if  not  greatly  hampered  Interfaces  among  the  use  of  the  sensor,  the 
TC  control  handle,  and  the  CITV  display  panel  If  they  are  not  properly  inte¬ 
grated.  At  the  design  level,  the  potential  for  a  "new  widget"  attitude  Is 
highly  likely.  This  attitude  occurs  when  Individual  components  (widgets)  are 
assessed  on  their  positive  Individual  capabilities  without  consideration  of 
the  Integration  probleas  that  will  most  certainly  occur.  This  problem  may 
be  precluded  by  efforts  of  both  the  training  designer  and  the  equipment  de¬ 
signer  to  Integrate  CITV  with  already  existing  and  also  expected  components 
(CPSE  (if  maintained)  and  BMS)  of  the  system. 

Problem  Location.  A  change  In  training  resources  Is  expected  with  the 
addition  of  CITV.  Because  it  Is  a  unique  addition  and  does  not  directly 
replace  another  component  its  training  will  demand  previously  unallocated 
tlae.  Introducing  a  major  coaponent,  like  CITV,  into  an  existing  system 


requires  acquisition  and  assimilation  of  a  substantial  amount  of  new  informa¬ 
tion.  In  this  case  there  is  no  basis  for  direct  transfer  of  old  skills 
training.  Additional  limitations  will  likely  be  evidenced  in  the  choice  of 
training  devices  and  facilities  as  well  as  their  availab' lity.  For  example, 
UCOFT  devices  will  need  to  be  retrofitted  for  CITV  capability.  In  addition, 
the  advent  of  CITV  will  place  renewed  emphasis  on  the  need  for  effective  and 
reliable  thermal  targets  for  live  fire  and  laser  engagements. 

Cause:  Mental/Motor.  The  majority  of  the  problems  anticipated  with  CITV 
training  are  cognitive  in  nature.  The  potential  for  cognitive  overload  ap¬ 
pears  to  be  the  main  concern.  This  overload  is  defined  as  the  quantity  of 
information  to  be  processed  (e.g.,  memory  for  characteristics,  capability, 
procedures  for  usage,  plus  quick  fixes)  versus  the  quality  (components  de¬ 
signed  for  M.I.T.  graduates).  Simply  stated,  the  use  of  CITV  produces  more 
duties,  each  loaded  with  additional  memory  requirements  that  are  critical  for 
the  operation  of  the  total  system.  Type  of  training,  training  devices  and 
facilities,  and  availability  will  again  be  limiting  factors. 

Potential  psychoootor  problems  are  also  anticipated  in  the  operation  of 
the  CITV  control  handle.  Specifically,  the  proposed  dual  mode  of  the  com¬ 
mander's  control  handle  may  result  in  operational  problems.  The  first  con¬ 
cern  Is  the  differential  in  the  rate  of  movement  control  for  the  CITV  and 
main  gun.  At  the  present  time,  TCs  have  a  built  in  motor  memory  for  movement 
control  of  the  turret  and  gun.  Imposing  a  second  movement  control  on  the 
same  handle,  especially  when  the  differential  is  assumed  to  be  extreme,  lends 
Itself  to  confusion  and  potential  for  serious  flaws  in  operational  usage.  To 
build  a  new  motor  memory  for  acquiring  the  necessary  "touch"  associated  with 
the  fine  tuned  control  of  the  CITV  requires  additional  training  time  and 
practice  for  the  TC  .  To  accomplish  this  "touch"  while  retaining  the  previ¬ 
ously  learned  main  gun  control  movement  memory  will  be  extremely  difficult. 
This  soldier-in-the-loop  problem  is  compounded  by  an  equipment  design  that 
requires  the  TC  be  cognizant  at  all  times  of  the  operational  mode  (CITV  ver¬ 
sus  turret/maln  gun  control).  From  the  design  concepts  provided,  there  ap¬ 
pears  to  be  no  redundant  sensory  Information  to  aid  the  TC  in  this  respect. 
For  example,  apparently  no  provision  has  been  made  for  signal  lights  on  the 
display  to  note  the  control  handle' 6  status  (CITV  vs.  turret). 

Perhaps  a  more  serious  problem  can  be  attributed  to  proactive  interfer¬ 
ence.  This  Interference  occurs  when  old  motor  memories  block  or  interfere 
with  the  complete  learning  of  new  motor  patterns.  The  effects  of  this  type 
of  interference  are  generally  seen  during  fatiguing  and  or  stressful  situa¬ 
tions.  In  the  case  of  the  CITV,  function  switches  are  to  be  located  on  the 
control  handle  in  close  proximity  of  the  existing  function  switches.  A  con¬ 
cern  is  that  under  stressful  situations  the  probability  of  proactive  inter¬ 
ference  effects  will  increase  and  temporary  loss  of  an  operational  system 
will  become  more  likely.  The  problem  will  be  more  evident  in  the  "well  sea¬ 
soned"  TC  who  is  very  familiar  with  the  control  handle.  However,  the  TC  who 
has  not  been  completely  trained  and  practiced  may  also  fall  victim  to  the 
Interference.  It  should  follow  then  that  the  probability  of  occurrence 
should  be  lowered  substantially  by  quality  training  and  practice  as  well  as 
careful  attention  to  the  development  and  final  design  of  the  control  handle. 


Tentative  Solutions.  Embedded  training  may  be  partial  solution  for  the 
training  of  CITV.  The  degree  of  its  effectiveness  however,  is  dependent  upon 
the  level  of  embedding.  If  the  embedded  training  is  designed  for  close  in¬ 
teractions  with  other  crew  members,  many  of  the  new  tasks  would  be  appropri¬ 
ately  addressed.  More  hands  on  training  is  a  desirable  solution  though 
perhaps  not  achievable  given  the  restraints  which  already  exist  for  field 
training.  The  probable  solution  is  the  use  of  some  type  of  training  device 
preferably,  but  not  limited  to,  an  Interactive  simulator.  A  quality  simula¬ 
tion  would  allow  the  TC  not  only  to  develop  the  necessary  motor  memory,  but 
also  to  assimilate  the  acquired  information  through  practice.  This  occurring 
in  the  midst  of  interactive  crew  training  is  second  only  to  the  "real  thing". 
One  of  the  more  obvious  trends  in  the  data  is  the  non-use  of  job  aids.  It 
would  appear  that  job  aids  cannot  replace  practice  with  the  CITV. 


CONCERNS 

The  reported  findings  are  based  on  the  subjective  analyses  of  data  re¬ 
corded  in  Appendixes  D  and  E.  As  with  most  preliminary  analyses,  the  state¬ 
ments  made  herein  are  limited  to  broad  generalizations  and/or  obvious  trends 
found  in  the  data.  Uithln  these  parameters,  however,  the  findings  should 
assist  members  of  the  Armor  community  in  making  some  proactive  decisions 
regarding  the  training  associated  with  the  addition  of  CITV.  Additionally, 
they  may  serve  to  highlight  research  issues  for  consideration  in  research 
efforts  such  as  those  using  man-in-the-loop  simulation  capabilities  like 
SIMNET. 

In  addition  to  the  training  problems  expected  with  the  use  of  the  CITV, 
other  soldier-related  problems  surfaced  during  this  analysis.  These  include 
physiological  problems  and  hardware  design  considerations  which  are  reflected 
in  soldier-machine  interface  (SHI)  problems. 

Physiological.  There  are  at  least  three  major  physiological  concerns: 
visual  accommodation  and  adjustment;  disorientation;  and  motion  sickness. 

The  visual  accommodation  and  adjustment  concern  centers  on  the  need  for  a  TC 
to  make  periodic  checks  from  the  CITV  to  the  real  world  through  the  vision 
blocks.  While  CITV  provides  the  TC  with  a  novel  viewing  capability,  this 
view  will  be  limited  at  any  point  in  time  by  a  number  of  variables.  Problems 
with  accommodating  and  adjusting  from  a  screen  to  the  real  world  through  the 
vision  blocks  will  never  be  completely  eliminated  through  design,  but  design 
considerations  may  provide  the  ease  in  transfer  necessary  for  timely  re¬ 
sponses  by  the  TC.  Some  type  of  sensory  augmentation  in  the  form  of  signal 
lights,  for  example,  located  in  the  area  of  the  vision  blocks,  may  be  useful. 

Disorientation  is  sure  to  be  a  major  concern  with  the  CITV.  At  any  point 
in  time  the  TC  can  experience  movement  in  three  directions  -  movement  of  the 
CITV,  movement  of  the  turret  and  main  gun,  and  movement  of  the  chassis.  This 
makes  it  difficult  for  the  TC  to  ascertain  where  he  is  in  relation  to  his 
tank  and  the  rest  of  the  world.  This  problem  has  been  researched  by  the 
Germans  with  the  Leopard  II  and  more  recently  by  Hyman  (1987).  The  issue  is 
essential  to  the  effective  use  of  the  CITV  and  to  date  remains  unresolved. 


Motion  sickness  is  a  catch-all  malady  which  may  be  the  result  of  several 
physiological  occurrences.  Additionally,  it  has  been  shown  that  its  proba¬ 
bility  may  be  increased  by  equipment  design.  The  Human  Factors  Engineering 
group  at  General  Dynamics  Land  Systems  Division  recently  published  research 
which  addresses  motion  sickness  (1986)  with  different  display  models  of  the 
CITV.  They  found  two  and  one-half  times  more  reports  of  motion  sickness  when 
a  biocular  display  was  used  instead  of  the  preferred  direct  view  display 
panel.  Their  results  should  be  considered  for  subsequent  research  before  the 
final  decisions  of  the  CITV  design  are  completed. 

Hardware  design.  The  hardware  designs  which  prove  to  be  sources  for 
concern  for  the  SMI,  center  on  the  display  presentation,  the  display  panel, 
and  the  CITV  commander's  control  handle.  With  the  display,  the  concern  is 
how  the  information  is  presented  and  how  many  of  the  additional  responsi¬ 
bilities  of  the  TC  will  be  partially  sacrificed  when  the  CITV  is  used.  These 
concerns  stem  from  the  different  types  of  CITV  displays  proposed.  Early 
versions  of  the  CITV  were  represented  by  a  "heads-in"  design  which  left  lit¬ 
tle  possibility  for  time  sharing  between  TC  duties.  Later  versions  incorpo¬ 
rate  either  the  direct  view  version  (flat  and  rectangular)  or  the  biocular 
view  design  (slightly  outset  from  the  panel  and  circular).  A  complete  exami¬ 
nation  of  the  advantages  and  disadvantageous  of  these  has  yet  to  be  under¬ 
taken.  This  leaves  the  question  of  the  best  soldier  fit  unresolved.  An 
additional  concern  on  the  display  panel  is  the  number  of  switches  necessary 
to  operate  and  control  the  CITV.  Given  the  time  and  accuracy  constraints 
within  which  the  TC  must  work,  introducing  a  system  with  this  many  control 
switches  may  also  increase  probability  of  error. 

There  are  several  concerns  which  focus  on  the  commander's  control  handle 
that  is  modified  for  CITV  use.  As  mentioned  in  the  training  analysis  sec¬ 
tion,  the  dual  mode  of  operation  regarding  CITV  rotation  and  main  gun  rota¬ 
tion  may  be  a  potential  training  problem.  Additionally,  this  dual  mode  has 
the  potential  for  operational  problems.  In  this  light,  several  questions 
immediately  surface.  These  are  focused  on  handle-display  integration,  sen¬ 
sory  augmentation  necessary  for  the  TC  to  be  cognizant  of  a)  the  operational 
mode  of  the  systems,  b)  built  redundancy  In  the  control  of  the  CITV,  and  c) 
the  operational  capability  of  one  system  when  the  other  is  rendered  inopera¬ 
ble. 

These  are  MANPRINT  concerns  which  should  be  addressed  before  final  deci¬ 
sions  on  the  CITV  design  are  formalized.  If  properly  researched  they  should 
provide  information  that  contributes  to  enhanced  system  performance. 

SUMMARY 

The  findings  and  concerns  as  presented  contain  a  common  theme.  Whether 
considered  separately  or  in  combination,  they  can  be  classified  as  system 
integration  concerns.  This  is  obvious  given  that  subjective  assessments  made 
under  virtually  every  major  heading  of  the  analysis  could  have  been  "it  de¬ 
pends".  It  depends  on  other  existing  components  in  the  system  (e.g.,  GPSE) 
as  well  as  anticipated  components  (BMS).  It  depends  on  the  resources  (time, 


money,  energy,  facilities)  and  support.  It  depends  on  the  upkeep  and  mainte¬ 
nance.  Each  of  these  "it  depends"  will  in  some  way  affect  the  usage  and 
effectiveness  of  the  CITV,  moreover  the  requirements  for  training. 

From  a  systems  perspective  this  isolated  component  analysis  begs  for 
integration,  the  "it  depends”  questions  cannot  be  addressed  from  a  vacuum.  If 
the  preliminary  analyses  do  nothing  more  than  issue  red  flags  of  concern  to 
be  followed  by  research  efforts  in  the  field  or  at  a  simulation  site,  they 
have  served  a  purpose.  Only  in  these  locations  can  the  quality  of  integration 
and  interface  of  the  operator,  maintainer,  and  supporter  with  the  component 
and  the  total  system  can  be  tested  and  ultimately  determined. 

Neglecting  this  type  of  research  effort  will  lead  to  the  practices  of  the 
past  where  a  new  “widget"  is  dropped  into  a  system,  forcing  some  type  of  inte¬ 
gration  and  interface  with  the  existing  components  of  the  system  while  still 
expecting  designer  promised  performance.  There  are  too  many  examples  where 
this  practice  has  failed.  Maximum  system  performance  is  never  achieved  and 
the  soldier  is  left  picking  up  pieces  of  what  should  have  been.  The 
alternative  is  to  become  proactive  in  applying  the  necessary  resources  to 
address  MANPRINT  issues  during  the  system  design  and  development  phases. 

This  will  ensure  that  the  equipment  fielded  by  the  Army  can  achieve  Its  full 
capability  when  operated  and  maintained  by  available  personnel. 
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APPENDIX  A 


PROPOSED  SWITCHES  AND  CONTROLS  LOCATED  ON  CITV  CONTROL  PANEL 


The  necessary  switches  and  controls  for  the  operation  of  the  proposed  CITV 
are  located  on  the  display  panel  and  consist  of  the  following: 

1.  Power.  Labeled  Power  and  correspond  to  ON/OFF. 

2.  Operate/Standby.  Labeled  READY/STBY,  allows  operational  or  standby  mode. 
In  the  standby  mode,  detectors  will  be  in  a  cooled  down  state  with  only  a 

minimum  of  other  CITV  systems  operational. 

3.  Search/Scan.  Labeled  SEARCH/SCAN,  the  search  mode  permits  automatic 
viewing  of  imagery  produced  by  CITV  rotation.  The  scan  mode  permits  viewing 
of  selected  angular  sectors. 

4.  Gun  Line  of  Sight.  Labeled  GLOS,  the  CITV  Is  slaved  to  the  turret  and 
main  weapon  with  a  parallel  relationship  to  within  0.15  mil.  The  gunner 
maintains  control  with  the  TC  in  monitor  mode. 

5.  Polarity.  Labeled  WH0T/BH0T,  allows  the  display  representation  of  hot  or 
cold  targets  as  either  bright  or  dark. 

6.  Battlesight .  Labeled  BATTLESIGHT,  allows  for  manual  range  functions  by 
the  TC. 

7.  Focus/Drift.  Labeled  FOCUS/DRIFT,  allows  fine  tuning  of  the  sensor. 

Drift  control  nulls  drift  of  reference  gryos  in  both  the  elevation  and  azi¬ 
muth  loops. 

8.  Reticle  and  Symbology  Brightness.  Labeled  SYMBOL/RETICLE,  allows  illumi¬ 
nation  to  be  varied  for  all  symbols  and  reticles.  Range  Includes  full  bright 
to  full  black. 

9.  Contrast/Sensitivity.  Labeled  CONTRAST/SENSITIVITY,  image  contrast  is 
self  explanatory  and  sensitivity  provides  simultaneous  control  of  all  channel 
gains. 

10.  Sector/Rate.  Labeled  SECTOR/RATE,  allows  TC  to  establish  parameters  of 
the  areas  to  be  scanned.  Rate  controls  the  angular  displacement  using  scan 
and  search. 

11.  Boresight  adjustment.  Labeled  BORESIGHT,  allows  the  adjustment  of  the 
NFOV  scene  to  boresight  coincidence  with  main  gun  in  azimuth  and  elevation. 

12.  Others.  This  proposed  control  panel  Includes  three  space  control 
switches.  One  suggested  switch  is  the  Built  in  Test  (BIT).  The  BIT  allows 
fault  isolation  and  diagnostics  to  major  replaceables  of  the  system. 


APPENDIX  E 


PROPOSED  SWITCHES  LOCATED  ON  CITV  CONTROL  HANDLE 


1.  CITV  Designate.  Slews  main  gun  to  the  CITV  Line  of  Sight. 

2.  Palm  Switch.  Provides  power  to  the  handle  to  enable  all  handle  switches 
and  CITV  modes. 

3.  Laser  Fire  Button.  Fires  laser  to  target. 

4.  Field  of  View.  Changes  between  10X  (narrow)  and  3X  (wide)  Field  of  View. 

5.  Trigger.  Fires  either  coax  or  main  gun  dependent  upon  which  is  selected. 


APPENDIX  C 


GLOSSARY  OF  TERMS 


Major  Category 

Duty 

Df  mt 

Level 

Task 

D 

Subtask 

(d) 

Explanation 

M1A1  with  CITV  different 

Commonality 

Same 

Unique 

S 

U 

(s) 

(u) 

than  M1A1 

Task  Perform 

Yes 

X 

(x) 

Is  task  performance 

More  Same  New 

No 

X 

(x) 

changed  with  CITV? 

Effec 

N/A 

UND 

X 

(x) 

If  so,  how? 
(UND-UNDETERMINED ) 

Problem 

Yes 

X 

(x) 

Is  there  a  potential 

Instit  Unit 

No 

X 

(x) 

training  problem  for  the 
institution  and/or  unit 
related  to  performance 
in  the  M1A1  with  CITV? 

If  so,  where? 

Cause 

- 

Yes 

X 

(x) 

The  cause  of  the  poten¬ 

Cognitive  Motor 

No 

X 

(x) 

tial  problem  Is  primar¬ 
ily  mental  (memory,  pro¬ 
cedural,  cognitive  over¬ 
load)  or  motor  (physical 
or  psychomotor) 

Proposed  Trng  Solution 

Yes 

X 

(x) 

Proposed  training  solu¬ 

More  Job 
ET  HO  Aid 

Trng 

Dev 

No 

X 

(x) 

tions  include:  Embedded 
Training  (ET);  More 

Hands  On  Training  (More 
HO);  Job  Aids;  and 
Training  Devices  (Trng 
Dev) 


*An  asterisk  appearing  next  to  an  S  or  X  indicates  dependence  on  final  de¬ 
sign.  Especially  relevant  is  the  ability  to  fire  from  CITV,  and  the  parallax 
problem  associated  with  the  LRF-CITV  relationship. 
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